Objective: To assess dietary intake, eating patterns, physical activity and eating behaviors, and to explore strategies and perceptions of the experience of weight maintenance in weight loss maintainers (weight loss maintenance (WLM) ≥ 10% weight loss maintained for ≥ 1 year) and in matched controls with a lifetime stable normal weight. Methods: Volunteers (32) were recruited by a snowball procedure in this cross-sectional, mixed-methods study. Diet, physical activity, and eating behaviors were assessed with validated questionnaires. Strategies and experiences were investigated during interviews. Descriptive coding, thematic analysis (qualitative data) as well as descriptive analysis and t-tests (quantitative data) were performed. Results: Both groups had similar energy and macronutrient consumption. Those in the WLM group reported higher levels of exercise and scored higher on several dimensions of eating disorders. Four themes -'food choices,' 'quantities and portion control,' 'physical activity', and 'burden' -emerged from the qualitative data. Both groups used similar weight maintenance strategies, but those in the WLM group experienced a higher burden, expressing effortful control which contrasted with the control group's confidence in their internal cues. Conclusion: Our results show an additional burden related with maintaining weight loss compared to keeping a stable normal weight. They provide evidence to devise interventions that will address the difficulty of regulating intake.
Introduction
Treating obesity is a challenge, mostly because of the difficulty in maintaining weight loss beyond 1 year [1, 2] . Whereas numerous weight loss interventions have been evaluated and compared, resulting in evidence-based guidelines [3, 4] , the process of successful weight loss maintenance (WLM) is still elusive [5, 6] . Despite a growing body of research on this topic, the effective components of WLM interventions are difficult to identify [7, 8] . One reason is that the population of interest is hard to reach, in part because of its small size [9, 10] , but also because many people lose weight successfully outside structured programs [11] and therefore are difficult to identify and approach.
However, several studies have included 'weight loss maintainers', usually defined as persons who have intentionally lost at least 10% of their initial body weight and kept it off for at least one year [12] . One major ongoing study is the US-based National Weight Control Registry (NWCR), which started in 1994 and has regularly published on self-reported weight maintenance strategies [13] [14] [15] , characteristics associated with WLM [16, 17] and the risk factors of weight regain [18, 19] . In this cohort, the most frequently self-reported strategies of WLM include consuming low-energy and low-fat diets, eating breakfast regularly, following consistent eating patterns, monitoring weight and food intake, and engaging in at least 1 h of daily physical activity [12, 13, 19] . Likewise, European-based WLM registries have reported decreased energy intake [20] , low carbohydrate consumption and regular physical activity [21] as successful strategies. Overall, these studies suggest that a low-energy diet and high levels of physical activity are necessary for WLM. However, these factors were rarely measured precisely or, when they were, gave inconsistent results. For example, Phelan et al. [22] showed low average energy intake in the NWCR (1,379 ± 573 kcal, approximately 19 kcal/kg), but energy intake in the Portuguese Weight Control Registry were in the normal range (2,199 ± 840 kcal, approximately 30 kcal/kg) [21] . Levels of physical activity did not explain this discrepancy (>60 min/day vs. approximatively 40 min/day). Other studies that included assessment of physical activity indicate great variability of results [21, 23] , suggesting that the amount of physical activity necessary to maintain weight loss is highly individual [21] . Another issue is the absence of comparisons with a reference group presenting a stable normal weight. Comparisons have been made with the general populations in some studies [13, 24, 25] , but these included overweight persons not seeking weight loss. While weight loss maintainers have reported dietary restraint and physical activity as their main strategies, it is not well known whether they eat less and move more than individuals with stable normal weight.
Nevertheless, sustaining WLM strategies might have high costs, notably on eating behaviors: the German and the Portuguese Weight Control Registries both showed an overpreoccupation with shape and weight in persons having maintained weight loss compared to the general population (which included overweight persons who did not seek weight loss). They also identified more binge eating and compensatory behaviors than in the general population [24, 25] . In an analysis of 10-year prospective data from the NWCR, Thomas et al. [19] found that higher dietary restraint (i.e., the degree of conscious control applied to regulate eating behavior) and lower disinhibition (i.e., the tendency toward loss of control in eating) seemed necessary to maintain weight loss. Taken together, these data suggest that high levels of control and vigilance, constant monitoring, and discipline are necessary for WLM. On the other hand, qualitative studies assessing perceptions and representations on WLM provide contrasting findings, showing that persons who were able to maintain their weight loss put emphasis on 'lifestyle change rather than being on a diet' [26] , moved away from the 'dieting mentality', and reported a 'more relaxed, "no worries approach"'. They 'avoided banning foods from their diet' [27] and mentioned experiencing a 'shift towards a new self' and 'rede-fining themselves' [28] . It is striking that results from studies with different approaches seem inconsistent: Quantitative studies imply a possible burden of WLM related to controlled dietary intake and monitoring of body weight, whereas qualitative studies describe a more flexible approach and relaxed attitude. This apparent contradiction could be related to the fact that these factors have been studied distinctly in various samples of weight loss maintainers recruited in different, single settings.
Therefore, a more comprehensive examination would be useful to better understand what WLM entails, and to target specific needs when designing WLM interventions. Our goal was to assess dietary intake, daily eating patterns, physical activity and eating behaviors, and to explore strategies and perceptions of the experience of weight maintenance in two groups: one group of individuals with WLM, and one group of individuals with a lifetime, stable normal weight considered as a control group.
Material and Methods
We used a mixed-method design with quantitative tools to assess dietary intake, physical activity, and eating behaviors as well as a qualitative methodology to explore daily eating patterns, strategies, and experiences of weight maintenance. This was an exploratory study in which the data were intended to support a grant proposal for a larger investigation. The study protocol was approved by the Cantonal Ethics Committee on Research.
Recruitment Strategy
With the goal of describing weight maintenance across a variety of situations, we used a snowball procedure to sample at least 15 participants per group, as opposed to recruiting in one or two settings, which could lead to selection bias. Power was not calculated a priori because this was an exploratory study; so we wanted to include as many participants as possible with the funding available. We recruited the first participants by word of mouth through the investigators' networks. Each participant was asked to think of someone they knew who could also be eligible, either in the WLM or the control group.
The inclusion criteria to participate in the WLM group were initial BMI ≥ 25 kg/m 2 and intentional weight loss of at least 10% of initial weight, maintained for at least 12 months, excluding bariatric surgery. The controls' inclusion criteria were BMI between 18.5 and 24.9 kg/m 2 and adult lifetime stable weight of ±5 kg, apart from pregnancies. The participants in both groups had to live or work in the French-speaking part of Switzerland and were matched by sex, age, and socioeconomic status.
Procedures
The participants were included after a screening interview performed by phone. They self-reported weight and height, and those in the WLM group provided pictures (similarly as in the NWCR) by email or social media to ascertain self-reported weight change. When no pictures were available, testimonies of caregivers (e.g., physicians, dieticians) were accepted. The study goals and procedures were explained, and a 2-hour appointment was arranged, which took place at either our office or the participant's home. The meeting started with the formal information about the study and the informed consent being signed, after which an audio-recorded semi-structured interview was performed. At the end of the interview, a set of 17 questionnaires was given to the participant to be filled out at home, together with a pre-stamped envelope. Data from four questionnaires were used in this study. If the questionnaires were not returned after 7 days, a reminder was sent by email. If the questionnaires were still not returned, up to two phone calls were made. All of the questionnaires were entered manually into pre-coded databases (double entry). Individual feedback was mailed to each participant, together with a department store voucher worth CHF 20.00 (approximately equivalent to EUR 18.00) as compensation for their participation.
Measures
A short questionnaire was used to collect sociodemographic data on sex, age, country of origin, family status, education [29] , profession, and income [30] . These data were used to describe our study population and to match the participants in both groups.
Dietary Intake
The Food Frequency Questionnaire (FFQ) [31] is a 97-item questionnaire used to self-report dietary intake; it has been developed and validated in the Geneva population and widely used in the French-speaking part of Switzerland for research and surveys [32] . The food items contributing substantially to the nutritional intake of a representative sample of the population of the State of Geneva (providing at least 90% of the calories, proteins, carbohydrates, total fat, dietary cholesterol, alcohol, vitamin D, and retinol consumed by the population) are part of the FFQ. The questionnaire assesses the respondent's diet during the previous month by asking the respondent to choose the frequency of consumption for each food item (never during the last 4 weeks, once a month, 2-3 times per month, 1-2 times per week, 3-4 times per week, once a day, twice or more per day) and to estimate the portion they consumed (smaller, equal, or larger than the displayed reference portion). Eight food groups were defined (protein sources, starches, fats, low fat, vegetables, fruits, sugar and sweets, artificially sweetened), and daily portions were summed up to calculate the respondent's average consumption of each food group. Average daily intakes of calories, proteins, carbohydrates, total fat, and alcohol were calculated with the food composition table developed for the FFQ [31] .
Daily Eating Patterns
Usual frequencies of daily eating occasions and nibbling during the last month were assessed during the interviews. Meals and snacks were defined as any structured food intake (including lunches, dinners, and snacks). Breakfast was defined as any caloric intake within 1 h following awakening. Nibbling was defined as irregular, unplanned intake without a clear start or ending.
Physical Activity
The Global Physical Activity Questionnaire (GPAC) [33] is a 16-item questionnaire that is used in more than 100 countries and was developed by the World Health Organization to assess the intensity, frequency and duration of physical activity related to the professional, transport and leisure domains during a typical week. These parameters are combined in a standardized SPSS routine to classify subjects according to three levels of physical activity: -Vigorous: intense physical activity reaching at least 1,500 MET-min/week, at least 3 days a week OR moderate to intense physical activity reaching at least 3,000 MET-min/week. -Moderate: at least 20 mins of intense physical activity at least 3 days a week OR at least 30 mins of moderate physical activity or walking, at least 5 days a week OR at least 5 days/week of walking or moderate to intense physical activity, reaching at least 600 MET-min/week. -Sedentary: none of the above criteria are reached [33] .
Eating Behaviors
The Three-Factor Eating Questionnaire (TFEQ) [34] is a 51-item questionnaire initially developed to evaluate eating behaviors among persons suffering from obesity. Three scores can be calculated, corresponding to the subscales of 'restraint' (21 items), 'disinhibition' (16 items) and 'hunger' (14 items). Higher scores indicate higher levels of 'restraint', 'disinhibition' and 'hunger', but no cut-off points are defined. The French version of the questionnaire has been validated [35] . For the purpose of our study and similarly to the NWCR [19] , we used the 'restraint' and 'disinhibition' subscales.
Strategies and Experiences
One of the investigators (one psychologist and two dieticians) conducted individual semi-structured interviews with each participant during one-on-one sessions lasting between 1 and 2 h. An interview guide with open-ended questions (previously tested among 5 persons who met the WLM criteria and were not part of this study), was used to cover weight changes over time, successful weight loss (WLM group only), weight maintenance (strategies, rules, or habits that helped them to manage their weight, difficulties they experienced in maintaining their weight), and how they anticipated the future. The interview guide included questions such as: 'Tell me about how you eat to maintain your body weight.'; 'What helps you to maintain your weight? What makes it difficult or hinders you?'; 'Could you describe what you consider as rules in your diet?'.
Data Analyses
Quantitative data were analyzed with SPSS (version 22.0, 2013, IBM Corp. Armonk, NY, USA). The descriptive results were expressed as frequencies (n; %) or means ± SD after checking for normality of distribution. Comparisons of continuous variables were made for descriptive purposes. As data distribution was normal, the comparisons between groups were tested with t-tests. No categorical comparisons were carried out because of the insufficient number of subjects per cell. Energy intake is expressed as total kilocalories and as kilocalories per kilogram of body weight. Macronutrient and alcohol intakes are expressed as grams per day and as a percentage of total energy intake.
The interviews were transcribed verbatim. Two investigators performed the descriptive coding [36] of the interview transcripts using MaxQDA software (version 11, ; VERBI Software-Consult-Sozialforschung GmbH, Berlin, Germany). First, the strategies reported by the participants were listed and summarized into main codes to count how many participants used each of them. Second, the interviews were coded to reflect the participants' experiences with minimal interpretations. Both principal investigators coded the first two interviews together to reach a good level of concordance. Memos were created for each code definition. Then, each investigator coded half of the dataset and checked the codes of the other half. When needed, the codes or code definitions were clarified or modified by consensus. Finally, all of the codes were reviewed and grouped into main themes. Emblematic citations were extracted and reproduced in the results section, with the participant's gender and age in brackets.
Results

Sample Characteristics
Between June and December 2013, we included 36 volunteers (18 in each group) through 14 different contacts. Two participants in the WLM group did not return the questionnaires, and the data of 2 controls were excluded because their dietary intakes seemed unrealistic (7 kcal/kg and 110 kcal/kg body weight per day). The remaining 32 participants (20 women, 12 men) were Caucasian and mostly Swiss (n = 25; 78%) or from a nearby European country (n = 7; 22%). Most lived in Geneva or its suburbs (n = 20; 62%). The others lived either in small cities (n = 5; 16%) or in the countryside (n = 7; 22%), up to 150 km away from Geneva.
The respondents in the WLM group had higher BMI than the controls (25.5 ± 2.9 vs. 21.0 ± 1.9; p < 0.001) but all had lost at least 10% of their weight (range 12-35%). Table 1 displays detailed characteristics of the participants.
Dietary Intake, Daily Eating Patterns, Physical Activity, and Eating Behaviors
Among the eight food groups defined in the FFQ, foods that belonged to the 'protein sources' and 'low fat' groups were consumed significantly more often among the participants in the WLM group than among those in the control group, whereas 'sugar and sweets' were almost equally consumed among both groups. Artificially sweetened products were exclusively consumed by participants from the WLM group. The groups' energy and nutrient intakes were similar when adjusted for body weight ( table 2 ) .
The WLM group did not exhibit any specific daily eating pattern in terms of meal frequencies or nibbling in comparison with the controls ( table 2 ) .
The GPAC questionnaire showed that participants of both groups engaged, on average, in more than 1 h of daily physical activity (WLM group 96 ± 67; control group 66 ± 42 min). Eight participants in the WLM group (53%) and 3 (19%) in the control group reported a vigorous level of physical activity, whereas 1 (6%) and 6 (38%) were considered sedentary, respectively ( table 2 ) .
The participants in the WLM group had higher scores in the 'restraint' and 'disinhibition' subscales of the TFEQ than the controls, reflecting conscious effort to restrict food intake and more overeating and loss of control ( table 2 ) .
Strategies and Experiences
Four major themes emerged from the qualitative data: 'food choices', 'quantities and portion control', 'physical activity' and 'burden'. The latter was only found in the WLM group.
Food Choices
Participants in both groups referred to conscious food choices intended to maintain their weight, like trying to eat plenty of fruits and vegetables (10 in the WLM group (63%); 11 in the control group (69%)) and cutting down on fats (14 in the WLM group (88%); 11 in the control group (69%)) and snacks (13 in the WLM group (81% ; 7 in the control group (44%)). Participants in the WLM group mentioned choosing protein-rich food items more often (10 in the WLM group (63%); 1 in the control group (6%)), avoiding carbohydrates (13 in the WLM group (81%); 3 in the control group (19%)) and using artificially sweetened products (6 in the WLM group (38%); 0 in the control group). Sub-themes emerged from the discourse of the respondents according to their group: 'rules' in the WLM group and 'habits' in the control group.
Rules versus Habits
When talking about their food choices, women and men in the WLM group referred to effortful cognitive control with precise rules about which foods they could eat and which they had to avoid: ' avoidance of food groups was uncommon and seemed to be merely a default choice among the controls, who considered it to be ' natural ' and ' not really an effort '. They also refuted the term 'rules' and referred to pleasure and taste when describing their food choices: 'When I was a
(…) Every Thursday you eat, until the end of your life, proteins. Every Thursday is protein day' (woman, 42). They often used definite terms like 'banning,' 'never eating' and 'forbidden'. Emblematic quotes include: 'Chocolate bars? I abolished those!' (man, 46), '(…) I cut out all soft drinks, ice-tea, I banned all that from my diet' (man, 37), 'For now, I don't eat carbohydrates. My idea is not to eat any at all, ever' (woman, 48
kid I didn't like vegetables too much, but now I really like them, so it's easy' (man, 28). 'I don't drink soft drinks, but it's not a big effort as I don't like them so much' (woman, 43). 'It's like fried food, I am not attracted to fried food (…) so it's pretty easy, I just don't want to eat that stuff. (…)' (woman, 43).
Quantities and Portion Control
Among the participants, 21 spontaneously mentioned the quantities of food they consumed and their portion size control, including 9 from the WLM group (56%) and 12 from the control group (75%). Again, sub-themes emerged that were more specifically related to each group: ' vigilance' (WLM group) and 'confidence ' (control group). walking calculator' (woman, 30) . They also referred to the quantities they used to eat before their weight loss: 'Compared to 6 years ago, it's a drastic reduction' (man, 27). They strove to acquire the ability to regulate quantities more easily: 'I'd like to learn how to enjoy eating those nice things, how to manage the quantity and frequencies ' (woman, 29) . Those in the control group considered internal cues to be sufficient for regulating their intake and determining when their consumption was excessive, and they expressed confidence that the quantities they consumed would balance out naturally over their next few meals: 'I don ' ' (woman, 29) . The respondents in the control group also referred to cognitive control but did not experience it as an effort: 'No excess. A constant attention, but without giving yourself a headache' (man, 51).
t need to control things, I mean… not mentally. There is, for me, a physical regulation. (…). I sort of trust it
Physical Activity
Almost all of the participants (15 in the WL group (94%); 13 in the control group (81%)) mentioned sports or physical activity as a strategy for weight maintenance. Sub-themes were: 'scheduled changes ' (WLM group) and 'pleasurable habits' (control group).
Scheduled Changes versus Pleasurable Habits
In the WLM group, current physical activity was different from what participants were used to before weight loss, and they had established some structure (days and/or duration): 'I practice much more sports than before, at least twice a week, 2 h each time' (woman, 42). 
Discussion
In this study, we used a mixed-method approach to assess dietary intake, daily eating patterns, physical activity and eating behaviors, and to explore strategies and perceptions related to the experience of weight maintenance among persons who have lost weight and individuals with a lifetime stable normal weight. Our main finding is that, despite purposeful food choices, those in the WLM group had similar nutritional intake than normal weight controls. Our second finding is that the reported weight maintenance strategies are not specific to WLM, but are also used to maintain a lifetime normal weight. However, the implementation of these strategies by individuals in the WLM group necessitated burdensome stratagems and higher vigilance.
The quantitative data on dietary intake reflected the WLM group's preferences for protein sources and low-fat preparations. They also consumed artificially sweetened foods, whereas controls did not. This reflects a conscious effort to choose 'weight loss diet foods', which might have been acquired during the weight loss process [37, 38] . These different food choices did not result in measurably lower energy intake or different nutrient intake when compared to the normal-weight controls, and this might indicate that the individuals in the WLM group needed these strategies to avoid excessive consumption of fats and sugar. It is also possible that, while avoiding the food items they perceived as unhealthy or fattening, they ate more of the other foods, increasing the total nutrient and energy intake. In this case, care-givers should make sure that persons trying to maintain weight loss have accurate knowledge about dietary needs, nutritional value of foods, and adequate portion sizes, as this could help them choosing from a larger variety of foods and preparations. A more detailed analysis of their food intake, by food diary for example, would give more information on this matter.
Daily eating patterns varied widely within the groups and did not reveal any specificity associated with WLM. This was also true for the consumption or avoidance of breakfast, unlike what has been shown in the NWCR [15] and tends to show that individuals have to find their own eating rhythm that allows them to maintain their weight, as has been suggested by others [25, 39] .
The participants in both groups considered physical activity to be necessary for weight maintenance and dedicated a considerable amount of time to it. Those in the WLM group were more likely to engage in higher-intensity physical activity and for a longer duration than the controls. This result might indicate a vulnerability to weight gain in the WLM group. This is also suggested by the NWCR data, in which those with the highest physical activity reported more dietary strategies to maintain their weight loss [23] . It is possible that after weight loss, some individuals struggle with lower resting energy expenditure, which has been documented during or shortly after weight loss [40, 41] . A recent publication suggests that this phenomenon persists even after several years of weight loss [42] , but these data should be confirmed and compared with the resting energy expenditure of a control group with stable normal weight. In this pilot study, we were not able to measure resting energy expenditure. This, together with the assessment of body composition, should be done in the future among WLM and normal-weight controls, in order to assess whether the struggle to maintain weight loss is related to a lower metabolism.
The WLM group scored higher on the scales evaluating eating behaviors, similarly as in two European registries [24, 25] . The higher scores obtained on the 'restraint' scales reflects the intention to restrict or favor the intake of particular food groups, and are consistent with the results of dietary intake. 'Restraint' can manifest itself as a rigid control in relation to an eating behavior, which is characterized by a dichotomous, all-or-nothing approach to eating and dieting, and entails that some foods are excluded from the diet or by a flexible control in relation to an eating behavior, which is described as a more graduated approach to eating and dieting, in which all types of food can be eaten but with a control on the quantity [43] . High rigid control on eating behavior has been related with high 'disinhibition' scores [43] which was also observed in our WLM group. The fact that these behaviors reinforce each other, imprisoning the individual in a vicious circle [43] , might explain why similar energy intake was observed in the WLM and the control groups in our study, despite high 'restraint'. Therefore, the ability to exert flexible control might be a desirable goal and could be encouraged in the WLM group. The concept of mindful eating, which promotes eating in a manner that balances individual nutritional needs, hunger, satiety, appetite, and pleasure has shown encouraging preliminary findings [44] [45] [46] . It could be a helpful approach, but should be carefully evaluated in the long term, because any alteration in the WLM strategies could also result in undesirable outcomes.
The qualitative data give more insight into what it means to maintain weight loss in the long run. The discourse of the WLM group reflected an effortful control and a constant vigilance, whereas the normal-weight controls expressed a more relaxed attitude. However, the control group also paid attention to their intake and food choices, similarly to what has been shown by others [47] [48] [49] . This was also true for physical activity, as those in the WLM group scheduled specific activities, whereas those in the control group were more active on a daily basis. Finally, the fear of regaining weight and the fact that weight loss maintainers did not always feel understood in their struggle should be taken into account when devising WLM interventions. It is possible that developing long-term support, for example in the form of peer-groups, might alleviate the burden experienced by persons maintaining weight loss, as suggested by Hindle et al. [27] .
This study has some limitations. Most importantly, the dietary measure is prone to bias because it relies on memory and necessitates the ability to estimate monthly frequencies and portions [50] . The rather low energy intake in our sample indicate an underestimation of the intakes, as is usually the case with food frequency questionnaires [50] . Therefore, the absolute results of dietary intake should be considered with great caution. However, as the FFQ was used in both groups, the comparison of their intakes can be valuable. Moreover, as underreporting has been related to weight loss history and dietary restraint [51, 52] , the WLM group might have underestimated their intake to a larger extent than the controls. In this case, the real energy intake might be higher in the WLM group than in the controls, which would stress the importance of addressing 'restraint' and 'disinhibition' in this group. Another limitation is the higher BMI of the WLM group, which could have contributed to their sense of burden by increasing the desire to lose more weight.
The sample size is a limitation with regard to the quantitative data, and the power is insufficient to relate subgroups characteristics and strategies. Also, the comparisons should be considered with caution. However, the number of participants was large compared to other qualitative studies about WLM, and limited generalizability is normally the case in qualitative studies [36] .
Among the strengths of this study is the complementarity of the quantitative and qualitative methods used. Another forte is the snowball procedure we used for recruiting in the community, which allowed for a heterogeneous sample, including men, and provided rich data. Other strengths include matching the individuals of each group, asking for proof of WLM and using validated questionnaires.
Conclusion
This study shows that there is an additional burden to maintaining weight loss compared to keeping a stable normal weight over time. Both necessitate self-control and conscious choices, but, even after t3.5 years, weight loss maintainers endure a high level of vigilance to stick to their strategies, whereas persons with a lifetime stable normal weight display a more relaxed attitude and the ability to adjust their intake more intuitively. In spite of these unequal efforts, energy and nutrient intakes do not differ between groups. Long-term changes in resting energy expenditure after WLM are unknown and should be explored. Research should also focus on the long-term effect of various interventions on the burden of WLM, such as promoting mindful eating, increasing the ability to choose appropriate portions from a variety of foods instead of rigidly selecting/avoiding certain types of food, and providing long-term support.
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